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ADAPTATION OF THE TRANSMISSION POWER OF AN ELECTROMAGNETIC 

TRANSPONDER READER 

Background Of The Invention 

1 . Field of the Invention 

The present invention relates to systems using electromagnetic transponders, that is, 
transceivers (generally mobile) capable of being interrogated in a contactless and wireless 
manner by a unit (generally fixed), called a read and/or write terminal. The present invention 
more specifically relates to a reader intended for transponders having no independent power 
supply. Such transponders extract the power supply required by the electronic circuits 
included therein fi-om the high firequency field radiated by an antenna of the read/write 
terminal. The present invention applies to a terminal only reading the data of a read-only 
transponder as well as to a read/write terminal adapted to modifying data contained in the 
transponder. 

The present invention more specifically relates to the adaptation of the transmission 
power of a read/v^ite terminal as a fimction of the distance firom the transponder to the 
terminal. 

2. Discussion of the Related Art 

Systems using electromagnetic transponders are based on the use of oscillating 
circuits including a winding forming an antenna, on the transponder side and on the 
read/write terminal side. These circuits are intended to be coupled by a close magnetic field 
when the transponder enters the field of the read/write terminal. 

Fig. 1 very schematically shows, in a simplified way, a conventional example of a 
data exchange system between a read/write terminal 1 and a transponder 10 of the type to 
which the present invention applies. 

Generally, terminal 1 is formed of a series oscillating circuit, formed of an inductance 
LI in series with a capacitor CI and a resistor Rl, between an output terminal 2 of an 
amplifier or antenna coupler (not shown) and a reference terminal 3 (generally, the ground). 
The antenna coupler belongs to a circuit 4 for controlling the oscillating circuit and exploiting 
received data including, among others, a modulator-demodulator and a microprocessor for 
processing the control signals and the data. In the example shown in Fig. 1, node 5 of 
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connection of capacitor CI with inductance LI forms a terminal for sampling a data signal 
received for the demodulator. Circuit 4 of the terminal generally communicates with different 
input/output circuits (keyboard, screen, means of transmission to a provider, etc.) and/or 
processing circuits, not shown. The circuits of the read/write terminal draw the power 
required by their operation from a supply circuit (not shown) connected, for example, to the 
electric supply system. 

A transponder 10, intended for cooperating with a terminal 1, includes an inductance 
L2, in parallel with a capacitor C2 between two input terminals 11, 12 of a control and 
processing circuit 13. Terminals 11, 12 are in practice connected to the input of a rectifying 
means (not shown), the outputs of which define D.C. supply terminals of the circuits intemal 
to the transponder. 

The oscillating circuit of terminal 1 is excited by a high-frequency signal (for 
example, at 13.56 MHz) which, in the absence of any data transmission from the terminal to 
the transponder, is exclusively used as a power source for the latter. When a transponder 1 0 is 
in the field of terminal 1, a high-frequency voltage is generated across terminals 11, 12 of the 
transponder's resonant circuit. This voltage, after being rectified and possibly clipped, is 
intended to provide the supply voltage for electronic circuits 13 of the transponder. These 
circuits generally include a microprocessor, a memory, a demodulator of the signals possibly 
received from terminal 1, and a modulator for transmitting information to the terminal. 

The oscillating circuits of the terminal and of the transponder are generally tuned on 
the frequency of a transmission carrier, that is, the resonance frequency is set on a frequency 
of, for example, 13.56 MHz. This tuning aims at maximizing the energy diffusion to the 
transponder, generally, a card of credit card size integrating the different transponder 
components. 

The high-frequency remote supply carrier transmitted by terminal 1 is also used as a 
data transmission carrier. This carrier is generally amplitude modulated by the terminal 
according to various coding techniques to transmit the data to the transponder. In retum, the 
data transmission from the transponder to the terminal is generally performed by modulating 
the load formed by resonant circuit L2, C2. This load variation is performed at the rate of a 
sub-carrier having a frequency (for example, 847.5 kHz) smaller than that of the carrier. This 
load variation can then be detected by the terminal in the form of an amplitude variation or of 
a phase variation by means, for example, of a measurement of the voltage across capacitor CI 
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or of the current in the oscillating circuit. The data transmission, be it from the terminal to the 
transponder or from the transponder to the terminal, uses well known techniques that will not 
be detailed any fiirther. It should only be noted that these data transmissions use, as a 
transmission carrier, the high-frequency transponder remote supply signal, even if the data 
transmitted by the terminal are modulated on a sub-carrier. 

The voltage sensed by transponder 10 in the field of a terminal 1 depends on the 
distance separating the transponder from the terminal and, more specifically, on the coupling 
coefficient between the respective oscillating circuits of the terminal and of the transponder. 
To have a system with a relatively wide range (on the order of 4 to 8 inches), significant 
power has to be provided to the oscillating circuits . of the terminal so that the radiated 
magnetic field remains sufficiently intense at the desired range distance to provide the 
necessary remote supply power to the transponder. However, this has the disadvantage that, 
when a transponder is close to the terminal, it receives too much power as compared to its 
needs. In addition to the fact that this requires providing means of protection against 
overvoltages on the transponder side, this causes a useless power overconsumption by the 
read/write terminal. 

Another problem resulting from the high power radiated by the terminal is that several 
transponders can receive a sufficient power from this radiated magnetic field, which can pose 
problems of conflict in the data transmissions and/or can result in an unauthorized pirating of 
the data transmissions between a transponder and a read/write terminal. 



An object of the present invention is to overcome the disadvantages of conventional 
electromagnetic transponder systems, linked to the high power radiated by a read/write 
terminal. 

More specifically, the present invention aims at optimizing the power consumption of 
an electromagnetic transponder read/write terminal. 

The present invention also aims at providing a solution that requires no modification 
of the transponder and that is accordingly compatible with existing transponders. 

The present invention provides adapting the transmission power of the read/write 
terminal according to the distance of the transponder that has entered its field. Thus, 
according to the present invention, the power transmitted by the terminal is modulated 
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according to whether the transponder is closer or further away therefrom. 

Document EP-A-0,722,094 provides such an adaptation of the excitation power of the 
oscillating circuit of a reader according to the distance from a transponder and more 
specifically, to the magnetic coupling between the transponder and the reader. The solution 
advocated by this document consists of determining the coupling based on the voltage across 
the reader's oscillating circuit, and of then accordingly adapting the reader's output level. 

Such a solution is not satisfactory for several reasons. 

First, the voltage recovered by the transponder (the power drawn fi-om the field 
radiated by the read/write terminal) is not a monotonous function of the distance. In 
particular, for a given type of transponder, characterized by the impedance of its oscillating 
circuit, the characteristic of the voltage across this oscillating circuit according to the 
coupling (or to the distance) generally has a maximum at an optimal coupling position. 
Accordingly, the same voltage level can be sensed by the transponder for two different 
distances. 

Further, this voltage coupling characteristic varies according to the tuning of the 
oscillating circuits (and thus to their resonance frequency), that is, it also depends on the 
impedance of the terminal's oscillating circuit. 

It should be noted that, on the reader side, the current in the oscillating circuit is a 
function, in particular, of the voltage recovered by the transponder and of the coupling 
coefficient. 

The problems due to the non-monotonous shape of the voltage recovered by the 
transponder according to the coupling are not solved by above-mentioned document EP-A- 
0,722,094. 

Another problem is that the same terminal is likely to be used with different families 
of transponders that differentiate, in particular, by the sizing of their components. 
Accordingly, the control relations must be provided for a given transponder type and be 
modified each time this transponder type changes. This may be the case, for example, if a 
new transponder version replaces an old version in an access control system. 

The present invention aims at providing an adaptation of the power transmitted by the 
terminal for a transponder without it being necessary to perform a transmission from the 
transponder to evaluate the distance separating it from the terminal. 

The present invention also aims at making this adaptation reliable, even for a non- 
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monotonous response of the transponder according to distance. 

The present invention also aims at enabUng an automatic parameterizing of the 
terminal to prepare it to a transponder type. 

More specifically, the present invention provides a terminal for generating an 
electromagnetic field adapted to cooperating with at least one transponder v^hen the latter 
enters this field and including an oscillating circuit adapted to receiving a high-fi-equency 
A.C. excitation voltage, this terminal including: 

means for regulating the signal phase in the oscillating circuit with respect to a 
reference value; 

means for determining instantaneous information relative to the magnetic coupling 
between the transponder and the terminal; and 

means for adapting the electromagnetic field power according to at least the 
instantaneous information. 

According to an embodiment of the present invention, the terminal includes means for 
measuring a first quantity which is a fimction of the voltage across a capacitive element of its 
oscillating circuit and a second quantity which is a fimction of the current in its oscillating 
circuit. 

According to an embodiment of the present invention, the terminal includes means for 
determining and storing characteristic information relative to the coupling in several 
determined configurations of the distance separating the transponder from the terminal, and 
for taking account of this characteristic information in the field power adaptation according to 
the instantaneous information. 

According to an embodiment of the present invention, said characteristic information 
includes, among others: 

the voltage across the capacitive element when no transponder is present in the field 
of the terminal; 

the voltage across the capacitive element when a transponder is in a relation of 
maximum closeness with the terminal; 

the current in the oscillating circuit when no transponder is present in the field of the 
terminal; and 

the current in the oscillating circuit when a transponder is in a relation of maximum 
closeness with the terminal. 
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According to an embodiment of the present invention, the instantaneous information 
is deduced from the instantaneous measurement of said two quantities and of the values of 
said characteristic information. 

According to an embodiment of the present invention, at least one characteristic 
5 information is automatically determined by the terminal in a learning phase. 

According to an embodiment of the present invention, the means for adapting the 
power of the electromagnetic field include means controllable to modify the A.C. excitation 
voltage of the oscillating circuit of the terminal. 

According to an embodiment of the present invention, the means for adapting the 
10 power of the electromagnetic field include one or several controllable resistive elements, 
belonging to the oscillating circuit of the terminal. 

According to an embodiment of the present invention, the response time of the phase 
regulation means is chosen to be large as compared to the frequency of a possible back- 
modulation coming fi-om a transponder present in the electromagnetic field of the terminal 
1 5 and to be fast as compared to the displacement speed of a transponder in this electromagnetic 
field. 

According to an embodiment of the present invention, said oscillating circuit includes 
an element of variable capacitance, said terminal including means adapted to determining the 
value of this capacitance based on a phase measurement on the signal in the oscillating circuit 
20 by varying the voltage across the element of variable capacitance. 

The present invention also provides a method for controlling a terminal, including the 
steps of: 

a) in a learning phase: 

determining a first characteristic information associated with the current in the 
25 oscillating circuit when no transponder is present in the field of the terminal; 

determining a second characteristic information associated with the current in the 
oscillating circuit when a transponder is in a relation of maximum closeness with the 
terminal; 

calculating linear relations of control of the magnetic field power according to the 
30 instantaneous information and to a predetermined nominal value; and 

b) in operation: 

determining the instantaneous information associated with the coupling between a 
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transponder that has entered the terminal's field and said terminal; and 
adapting the magnetic field power based on said linear relations. 

According to an embodiment of the present invention, said instantaneous information 
is a function of the ratio between the instantaneous magnetic coupling coefficient and the 
maximum magnetic coupling coefficient obtained when a transponder is in a relation of 
maximum closeness with the terminal. 

The foregoing objects, features and advantages of the present invention, will be 
discussed in detail in the following non-limiting description of specific embodiments in 
connection with the accompanying drawings. 

Brief Description Of The Drawings 

Fig. 1 very schematically shows an electromagnetic transponder system of the type to 
which the present invention applies; 

Fig. 2 shows, in the form of blocks, an embodiment of a terminal of an 
electromagnetic transponder system according to the present invention; 

Fig. 3 shows a general example of variation of the voltage across the oscillating 
circuit of a transponder according to the distance separating it fi-om a terminal; 

Fig. 4 shows an example of response of the control method of the present invention; 

Fig. 5 shows a first example of response of a transponder in an embodiment of the 
present invention; and 

Fig. 6 shows a second example of response of a transponder in an embodiment of the 
present invention. 

Detailed Description 

The same elements have been referred to with the same references in the different 
drawings which, especially for Figs. 3 to 6, have been drawn out of scale. For clarity, only 
those elements necessary to the understanding of the present invention have been shown in 
the drawings and will be described hereafter. In particular, the structure of a transponder and 
the structure of the digital data processing elements on the read terminal side have not been 
detailed. 

A feature of the present invention is to modify the excitation energy of the oscillating 
circuit of a read/write terminal according to the distance of a transponder that has entered the 
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terminal's field, evaluated by means of the signal at the remote supply carrier frequency. The 
fact of directly using the remote supply carrier information enables evaluating the distance 
without it being necessary for the transponder to transmit information. Indeed, when it enters 
the field of a terminal, a transponder acts upon the load of the oscillating circuit of this 
terminal. This load variation depends, in particular, on the distance that separates the 
transponder from the terminal. The power modification is performed, according to the present 
invention, by acting upon the current in the series oscillating circuit, that is, in the terminal 
antenna (inductance LI). This action can be performed either by modifying the so-called 
generator voltage, that is, the output voltage of amplifier 3, or by modifying the value of 
resistance Rl. 

To obtain the distance information, a solution of the present invention is to measure, 
among others, the signal amplitude (for example, the amplitude of the voltage across 
capacitor CI, Fig. 1). As indicated previously, such a measurement is unexploitable in 
practice with a conventional terminal, especially since the range of voltage variation 
according to distance depends on the tuning of the oscillating circuit, and thus on the value of 
capacitance CI. Now, in conventional circuits, the tuning is never perfect. 

In particular, in conventional terminals, the tuning of the resonance frequency to the 
carrier frequency is performed manually by means of a variable capacitor, once the terminal 
has been manufactured. The tuning needs adjusting, especially due to the manufacturing 
tolerances of the capacitive and inductive elements, to guarantee the phase operating point 
chosen between a reference signal provided by an oscillator of the terminal and the received 
signal sampled, for example, across capacitor CI. A detuning of the terminal's oscillating 
circuit has several consequences and, in particular, that of modifying the signal amplitude in 
this oscillating circuit and, accordingly, the available signal amplitude for a possible 
evaluation. 

Thus, another feature of the present invention is to provide a regulation of the 
terminal's oscillating circuit phase with respect to a reference value. According to the present 
invention, this phase regulation is performed by means of a loop, the response time of which 
is chosen for the loop to be sufficiently slow to avoid disturbing the back-modulation coming 
from a transponder and to be sufficiently fast as compared to the displacement speed of a 
transponder in the terminal field. This can be called a static regulation with respect to the 
modulation frequencies (for example, the 13.56-MHz remote supply carrier frequency and the 
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847,5 kHz back-modulation frequency used in the data transmission from the transponder to 
the terminal). 

Fig. 2 shows, in the form of blocks, an embodiment of a terminal 1' according to the 
present invention, equipped with an oscillating circuit phase regulation loop. 
5 Conventionally, terminal 1' includes an oscillating circuit formed of an inductance or 

antenna LI, in series with a capacitive element 24 and a resistive element (symbolized by a 
resistor Rl), between an output terminal 2p of an amplifier or antenna coupler 3 and a 
terminal 2m at a reference potential (generally the ground). Amplifier 3 receives a high 
frequency transmission signal Tx coming from a modulator 6 (MOD) that receives a 
10 reference frequency (signal OSC), for example, from a quartz oscillator (not shovm). 
Modulator 4 receives, if necessary, a data signal to be transmitted and, in the absence of any 
data transmission from the terminal, provides the high-frequency carrier (for example, at 
^ 13.56 MHz) adapted to remotely supplying a transponder. 

S| A feature of the present invention is that capacitive element 24 is an element with a 

r; 15 variable capacitance, controllable by at least one signal CTRL. According to the present 

^ invention, a regulation of the phase of the current in antenna LI with respect to a reference 

signal REF is performed. This regulation is a regulation of the high-frequency signal, that is, 
of the signal of the carrier corresponding to signal Tx in the absence of data to be transmitted. 
This regulation is performed by varying the capacitance of the oscillating circuit of terminal 
D 20 r to maintain the current in the antenna in a constant phase relation with the reference signal. 

Signal REF is at the carrier frequency and corresponds, for example, to signal OSC provided 
by the oscillator of the modulator. 

The variable capacitor can be obtained in several manners. Generally, this capacitance 
must reach a few hxmdreds of picofarads and withstand, across its terminals, a voltage of 
25 more than 100 volts. A first solution is to use a network of switched capacitors. However, a 
disadvantage then is that, unless designing a bulky circuit due to the number of capacitors, the 
variation is far from being linear. A second solution is to use a diode of which the capacitance 
of the reverse-biased junction is used as a variable capacitance which is a ftmction of this 
biasing. The diode is then connected, by its anode, on the side of reference terminal 2m and, 
30 by its cathode, on the side of inductance LL A third solution is to use a diode-mounted 
MOSFET transistor. Such a component has substantially the same capacitance-vs. -voltage 
characteristic as that of a diode. The advantage is that, for a same avalanche voltage 
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withstand, the necessary integration surface area is smaller than for a diode. 

As illustrated in Fig. 2, capacitive element 24 provided in series with resistor Rl and 
inductance LI is controllable by means of signal CTRL. Signal CTRL comes from a circuit 
21 (COMP), the function of which is to detect the phase interval with respect to reference 
5 signal REF and to accordingly modify the capacitance of element 24. 

The phase measurement in the oscillating circuit is performed, for example, based on 
a measurement of current I in the oscillating circuit. A circuit 23 formed of a current 
transformer connected in series with element 24 and inductance LI is used, for example in the 
embodiment illustrated in Fig. 2. Such a current transformer is generally formed of a primary 
10 winding 23' between element 24 and ground terminal 2m, and of a secondary winding 23", a 
first terminal of which is directly connected to ground 2m and the other terminal of which 
provides a signal MES providing the result of the measurement, a current-to-voltage 
conversion resistor R23 being connected in parallel with secondary winding 23". 

Result MES of the measurement is sent to phase comparator 21 that then compares 
?=i 15 the phase of the current measured by block 23 to reference signal REF, and accordingly 

W controls capacitive element 24 by means of signal CTRL. 

^ According to a preferred embodiment, comparator 21 uses the same phase 

^ demodulator (not shown) as that used to demodulate the signal coming from the transponder 

^ and which may be received by the oscillating circuit. Accordingly, as illustrated in Fig. 2, 

Q 20 comparator 21 provides a signal Rx restituting a possible back-modulation of data received 

^ from a transponder. 

It should be noted that the phase regulation loop must be sufficiently slow so as not to 
disturb the phase modulation at 847.5 kHz, but sufficiently fast as compared to the 
displacement speed of a transponder in the terminal field, which is generally the displacement 
25 speed of a hand. For example, a response time on the order of one millisecond is adequate, 
the displacement time of a transponder being of several hundreds of milliseconds. 

A first advantage of the present invention is that, by regulating the phase of the 
oscillating circuit on a reference value, both the possible problems of sizing tolerances of the 
oscillating circuit components and of the operating drift thereof are overcome. 
30 According to the present invention, the correction information of the phase regulation 

loop, that is, an information associated with the voltage across capacitor 24 (in practice 
associated with transformer 23, the presence of which can be neglected) is used to evaluate 
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the transponder position. 

According to an embodiment where capacitive element 24 is voltage-controlled, the 
correction information is sampled directly at the output of the phase regulator, that is, in the 
form of the voltage level of signal CTRL. Thus, according to this embodiment, terminal V 
includes a unit 25 (SEL) of selection of the amount of power as a function, among others, of 
voltage Vb of correction of the phase loop. 

According to another embodiment, an element distinct from the phase regulator is 
used to evaluate the voltage across capacitor 24. The use of the correction information 
however has the advantage of optimizing the circuit. 

In practice, and as will be seen hereafter, the value of current I (as an alternative, a 
value linked thereto in a known linear manner) in the oscillating circuit of the terminal and 
the value of voltage VCl (as an altemative, a value linked thereto in a knovm linear manner) 
across capacitor 24 are preferably measured. This enables, in particular, overcoming the 
problems due to the fact that the transponder response is not monotonous. 

In the example of Fig. 2, unit 25 acts upon the generator voltage level with a control 
signal 26. According to another preferred embodiment, unit 25 acts upon resistive element Rl 
to modify its value. In this case, a network of switchable resistors or one or several MOSFET 
transistors, the on-state resistance of which is varied by modifying their gate voltages, are for 
example used. 

Whatever the embodiment, it should be noted that unit 25 preferably acts to 
substantially linearly modify the transmission power according to the reference value. 
However, a variation by stages may be used, for example if the resistive element is formed of 
an array of switchable resistors or if unit 25 performs an analog-to-digital conversion or 
receives a digital information. 

Another feature of the present invention is to provide an automatic parameterizing of 
the terminal, to adapt the power control on the distance at which a transponder is located 
according to the type of transponder. This automatic parameterizing is performed in a 
learning phase and will be better understood after the following discussion of the relation 
between the coupling of the oscillating circuits and the distance separating them. 

Fig. 3 shows the variation of voltage VC2 across terminals 11, 12 of a transponder 
according to distance d separating the transponder from a read/write terminal. The curve of 
Fig. 3 may also be considered as representing the variation of voltage VC2 according to 
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coupling coefficient k (always included between 0 and 1) between the oscillating circuits of 
the transponder and of the terminal, as will be shown by formula 5 presented hereafter. 
Indeed, the coupling between the oscillating circuits is a function of the distance separating 
the antennas. More specifically, the distance separating the antennas is, as a first 
approximation, proportional to 1-k. Accordingly, in the following description, reference will 
be made either to the distance or to the coupling coefficient as the abscissa of the 
characteristic of Fig. 3. The x-axis represents a distance d increasing towards the right of the 
drawing and a coupling coefficient k increasing towards the left of the drawing. 

As illustrated in Fig. 3, voltage VC2 has a maximum VCl^^^ for an optimal value of 
the coupling coefficient k^pj. For a given frequency and sizing of the oscillating circuits, 
voltage VC2 decreases on either side of optimal coupling position pi . 

The curve exhibits a reversal point p2 for a coupling value of A:^^, Vs , that is, for a 
distance shorter than the optimal coupling position. As for still shorter distances, the curves 
tends towards an asymptote at a minimum position V^-^ . As for distances greater than the 
optimal coupling position, the decrease of voltage VC2 is stronger. Further, the voltage level 
(of which it can be shown that it is equal to FC2^^, V3 / 2) of inflexion point p2 at A:^^, 
appears to be located, symmetrically with respect to the optimal coupling position, at a point 
p3 corresponding to a coupling value of k^^, / V3 . 

The curve of Fig. 3 is a theoretical curve, that is, for a given transmission system, the 
entire curve is not followed by the coupling positions. Indeed, two additional points are 
necessary to define the relation for a given transponder type. 

A first point p4 corresponds to a position k^^^ of maximum coupling or null distance. 
This position is defined by the coupling obtained when the distance separating the two 
antennas is minimum, that is, when the transponder is laid on the terminal (at the location 
spotted as being the position of inductance LI). This is not really a null distance between the 
two antennas, but rather a minimum distance. Indeed, antennas LI and L2 cannot touch, due 
to the reader case and to the transponder case (the material coating the antenna tracks for a 
smart card). This position may be at any point of the characteristic of Fig. 3. It should be 
noted that the maximum coupling position only exceptionally corresponds to the position 
where the recovered voltage takes the maximum value, that is, at the optimal coupling. 

A second point p5 corresponds to the system range limit. The position of point p5 
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varies according to the transponder structure. It is the point where the transponder looses 
contact for lack of power. Point p5 is, for example, determined based on standards that 
determine the maximum power to be transmitted by the terminal and that condition the 
system range. It should be noted that the lower voltage VC2(p5) at point p5, the wider the 
system range and the more necessary it is to decrease the field when the transponder comes 
close to the terminal. 

According to the present invention, account is taken of the curve of Fig. 3 to control 
the transmission power with the distance (and thus the coupling) between the transponder and 
the terminal. The coupling between the oscillating circuits especially depends on current I in 
the series oscillating circuit of the terminal (for example, measured by transformer 23). Now, 
current I is linked, by the following relation, to the so-called generator voltage Vg and to 
apparent impedance Zl^pp of the oscillating circuit: 



Now, apparent impedance Zl^pp is, among others, a function of resistance Rl. 
Accordingly, the coupling, and thus voltage VC2 recovered by the transponder, can be 
modified by modifying either the value of Vg or the value of Rl, or both. 

Further, the fact of regulating the oscillating circuit phase on a reference value enables 
the distance variation of a transponder entering the terminal's field to only translate as a 
modification of the real part of the impedance of this oscillating circuit. Indeed, all variations 
which would tend to modify the imaginary part of this impedance by the load formed by the 
transponder are compensated for by the phase regulation loop. Thus, the phase control by 
means of the regulation system ensures that, in static operation (that is, for frequencies 
smaller than the sub-carrier frequency), the imaginary part of impedance Zl^pp is null. 
Accordingly, impedance Zl^pp becomes equal to apparent resistance Rlapp and can be 
expressed as: 



/ = 



Vg 



(formula 1) 



Zl 



app 




L2 



(formula 2) 



R2'C2 ' 



with 



(formula 3) 
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and where co represents the pulsation, X2 represents the imaginary part of the 
impedance of the transponder's oscillating circuit (X2 = (oL2 - l/coC2), and where R2 
represents the load formed by the transponder circuits on its own oscillating circuit, modeled 
in Fig. 1 by a resistor R2 shown in dotted lines, in parallel with inductance L2 and capacitor 
C2. In other words, resistor R2 represents the equivalent resistor of all the transponder 
circuits (microprocessor, back-modulation means, etc.), added in parallel on capacitor C2 and 
inductance L2. In above formula 2, the series resistance of inductance LI, which adds to the 
two other terms, has been neglected. It may also be considered that the value of this series 
resistance is, for simplification, included in the value of resistance Rl. 

It may be considered that, as a first approximation (at the Irst order), imaginary part 
X2 of the impedance of the transponder's oscillating circuit is zero. This is due to the fact that 
the tuning situation is here considered and that, by construction, the transponder components 
are sized so that the oscillating circuit's resonance frequency corresponds to the remote 
supply carrier frequency. 

Accordingly, by combining formulas 1, 2, and 3, the relation between coupling 
coefficient k and current I, voltage Vg, and resistance Rl is the following: 

To be able to adapt the transmission frequency according to the coupling between the 
oscillating circuits, the instantaneous transponder position must be locatable on a curve of the 
type of that shown in Fig. 3. However, controlling the power by taking account of the entire 
curve leads to a solution that requires determining, for a given transponder family, the exact 
shape of this curve and storing it. Further, such a great precision in the control correction is 
not always necessary. Thus, according to a preferred embodiment of the present invention, 
the power control is performed based on linear relations deduced from a minimum number of 
characteristic points. 

More specifically, from three to five points characteristic of the shape of voltage VC2 
according to coupling k are used to define at most four linear variation ranges of the power as 
a function of the coupling. These five points correspond, respectively, to three characteristic 
points depending on coefficient k^p^ of the curve of Fig. 3, respectively pi at k^p^, p2 at 

^op/^ y p3 at/:^^, /Vs , to point p4 depending on the minimum distance (on maximum 
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coupling coefficient Ki^J^ and to point p5 corresponding to the system range limit and to the 
maximum allowable transmission power of a terminal (generally determined by standards). 

Fig. 4 shows the shape of the power correction performed, according to the present 
invention based on the theoretical curve of Fig. 3, as a function of the coupling. This 
5 correction consists of modifying, as a function of coupling k, for example, voltage level Vg to 
maintain an approximately constant voltage level VC2 (Fig. 3). According to the present 
invention, this control is performed according to the position of coupling k with respect to 
characteristic points pi to p5 and by linear sections between these points. 

Fig. 4 is only plotted between values k^^ and d^^ corresponding to the possible ends 
10 of the characteristic. Further, the plot of Fig. 4 is based on the theoretical curve of Fig. 3 with 
a position of point p4 to the left of point p2. 

The relation linking the voltage of generator Vg to voltage VC2 is the following: 



VC2= . (formulas) 

L2 

A first solution, to be able to determine the rectilinear correction sections of Fig. 4, 
15 includes using the expression of optimal coupling coefficient k^p^ as a function of inductances 
LI, L2, and of resistances Rl and R2. Indeed, the relation that links optimal coupling 
coefficient k^pj and the components of the oscillating circuits is the following: 



R2'L\ 



^op! = J „^ ' (formula 6) 



By using this expression in formula 4 hereabove, the following relation enabling 
20 determination of an instantaneous coupling coefficient based on coefficient k^p^ and on the 
values of Vg, I, and Rl can be obtained: 



^"^""'■^'T^"^- (formula?) 



Further, by combining formulas 5 and 6, the following relation can be obtained 
between voltage VC2 and coupling k^p,: 

25 vC2=-^-J— ^ — -. (formulas) 



opt 

1 + 



k 
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Now, at optimal coupling point pi, voltage VC2op, is given by the following relation: 



^C2„^,=^-^^. (formula 9) 

By using this expression in formula 8 hereabove, voltage VC2 can be expressed 
according to the optimal coupling: 

5 VC2 = ^ . (formula 1 0) 

However, this solution is not a preferred embodiment since it poses problems of 
implementation. First, resistance R2 varies along the operation (as well as resistance Rl 
according to the control provided by the present invention). But above all, this determination 
is, in practice, almost impossible by learning, since the position at the optimal coupling is not 
10 easily identifiable by the terminal. Further, for a measurement of current I on the terminal 
side, there are two coupling coefficient possibilities according to whether the transponder is 
located closer to or further away from the terminal as compared to the optimal coupling 
position. 

Thus, according to the present invention, advantage is taken from the existence of 
15 characteristic operation conditions that can be easily determined, to model the system 
response according to the coupling and to simplify the control. 

A first condition corresponds to the off-load operation of the terminal, that is, to 
current loff.ioad when no transponder is present in the terminal's field. In this off-load operation, 
apparent impedance Zl^ff,^^^^ of the terminal's oscillating circuit now only depends on 
20 components Rl, LI, and CI of the terminal. Further, due to the phase regulation, the 
imaginary part of this impedance is always null. Accordingly: 
Vg 

lojf-ioaci = — • (formula 1 1 ) 

A second easily determinable condition corresponds to the maximum coupling kmax 
where the current measurement I^^^ in the terminal's oscillating circuit can be taken while a 
25 transponder of the concerned family is laid on the terminal. 

By applying formula 7 hereabove to the maximum coupling position and by 
incorporating therein the off-load current value according to formula 11 hereabove, the 
following is obtained: 
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max 



= k. 



opt 




off -load 



max 



-1. 



(formula 12) 



It can thus be seen that the ratio between the optimal and maximal coefficients only 
depends on ciorrents I off-load and at maximum coupling. 

Further, the present inventors have determined that all functional relations of the 
circuit can be expressed in a particularly simple way according to ratio k/k^^. Now, 
determining coefficient k^^^ amounts to positioning point p4 on the curve of Fig. 3, and thus 
to determining whether point p4 is located to the left or to the right (in the representation of 
Fig. 3) of optimal coupling point pL This determination, which is simply performed by 
applying formula 12 hereabove, enables determining whether the considered application 
provides a characteristic VC2 = f(k) (Fig. 3) with a slope inversion or a monotonous 
characteristic. Indeed, if ratio k^p/k^^^ is smaller than 1, the characteristic has a slope 
inversion. If, however, k^p/k^^^ is greater than 1, the characteristic is monotonous. It should be 
noted that, in this latter case, the optimal coupling position cannot be achieved. 

Fig. 5 shows the characteristic of voltage VC2 as a function of ratio k/k^^x for ^ 
system where k^pt/k^^ax is smaller than one. This characteristic starts at point p5 and is thus 
turned over (k increasing to the right) with respect to the characteristic of Fig. 3. It should be 
noted that, preferably, point p5 does not correspond to the terminal off-load operation, that is, 
to the point with a null abscissa and ordinate in Fig. 4. Indeed, range limit point p5 
corresponds to the coupling (not necessarily null) where the transponder looses contact, that 
is, is no longer sufficiently supplied. At maximum coupling point p4, the abscissa is 1 (k = 
k^ax)- Since ratio k^p/k^^^ has been determined, the abscissas of the five characteristic points 
pi to p5 are known. It should be noted that the determination of point p3 is optional. 

Another preferred feature of the present invention is, instead of trying to determine the 
absolute values of voltage VC2 at points pi to p5, of using relative values, that is, ratios, of 
this voltage. Indeed, what mostly matters is to determine the correction slopes to be applied. 

The following discussion enabling determination, according to the present invention, 
of the corrections to be brought to the transmission power according to the instantaneous 
coupling k is performed by considering that the voltage of generator voltage Vg is made to 
vary (with a constant Rl). It should however be noted that quantities Vg and Rl are linked to 
each other as will be seen hereafter, so that this discussion can be transposed to a variation of 
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resistance Rl (with a constant Vg). 

First, it is known that voltages VC2(p2) and VC2(p3) at points p2 and p3 are linked to 
voltage VC2opt at optimal coupling point pi by the following relation: 

yC2^^,, = VC2(p3) = VC2„p, ^ . (formula 1 3) 

5 Further, by applying formula 10 to maximum coupling coefficient p4, the following 

relation, depending on the known ratio Kp^/Ki^ and on a value YCl^^^ which can be linked, as 
will be seen hereafter, to the transmission power at point pi, is obtained: 

VC2^.. = -T r^. (fomiula 14) 

It should be noted that value VC2^^^ does not correspond to the maximum value taken 
5 10 by voltage VC2, this maximum value being VC2^^^, It can thus be seen that the ratio between 

""1 voltages VC2 at points pi and p4 is known from the sole leaming measurements. Of course, 

□ all leaming determinations are performed with no control, that is, the transmission power is, 
g during the leaming, maintained at its nominal level on the terminal side (Vg and Rl are 
^ constant). 

□ 1 5 The only value, the ratio of which cannot be expressed from voltage NCl^^^ is value 
y VC2^i„ at range limit point p5. Indeed, this position depends on the minimum voltage that the 

transponder must receive to operate. 
=^ A first solution would be to introduce this value in the terminal to make it available 

for slope generation calculations when this terminal is dedicated to a transponder family. 

20 However, according to a preferred embodiment of the present invention, it is 

attempted to minimize the introduction of values in the terminal and to be content with the 
leaming. It should be noted that, at the origin p6 of curve VC2 = f(k), there is no more 
coupling and voltage VC2 is null. Thus, according to the present invention, the slope is 
considered to vary little between points p6 and p3 and a single correction section is 

25 considered. It should be noted that, in a simplified embodiment, it is even considered that one 
correction section is enough between points pi and p6. 

Now, by applying formula 7 to the optimal coupling position and by incorporating 
therein the off-load current value provided by formula 1 1 , it can be deduced that off-load 
current loff.ioad corresponds to twice optimal coupling current I^p^ This relation does not enable 
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deducing therefrom a relation between voltages VC2op^ and VC2^i„. However, the excitation 
power is linked to current I, which is itself proportional to the adjustment parameter (formula 
1), for example, voltage Vg. Accordingly, in terms of correction to be brought to control the 
generator voltage to maintain an approximately constant voltage VC2, it can be said that 
5 generator voltage Vg(pl) at optimal coupling point pi (which corresponds to the minimum 
value Vgmin of voltage Vg) must be equal to half generator voltage Vg(p6) at off-load 
operation point p6. Now, as previously indicated, the maximum transmission power of the 
terminal (and thus the maximum generator voltage Vg^^) is known, for example by being set 
by standards. When the system operates off-load, voltage Vg(p6) thus cannot exceed value 
10 Vg^a^. According to this embodiment of the present invention, voltage Vg(p6) is then set to a 
value Vgnom smaller than or equal to value Vg^^^. This is enough to determine the correction 
functions to be applied to voltage Vg„o^ according to coupling coefficient k or to an 
analogous information. Indeed, the correction slopes of the curve of Fig. 4 can then be 
determined. 

15 In a characteristic Vg = f(k/k^aJ, enabling control of voltage Vg to obtain an 

approximately constant nominal value of voltage VC2 recovered by a transponder, the 
coordinates of points pi, p2, p4, p6 and, possibly, p3, according to ratio k/k^^^ and to voltage 
ygnom t)^ deduced from the above discussion: 

- point p6 has coordinates 0 (off-load) and Vg^^^; 

20 - point pi has coordinates kopt/k^^ and Vg^i„ = Vg„„^/2; 

- point p2 has coordinates V3 k^p/k^^ and Vg„„J Vs ; 



point p4 has coordinates 1 (card on the terminal) and Vgnom ■ 



k k 

opt ^ ft-max 



^ 



k k 
V^'^max ^opt J 



I A ; and 



- possible point p3 has coordinates kopt/( Vs .k^^^ J and ^^r^oJ^ ^ 

Based on these coordinates, the relations of the control characteristic according to the 
25 instantaneous value of ratio k/k^^^ can be established. Taking the example illustrated in Fig. 4 
where loff.ioad is greater than or equal to I^^^^ the following relations may for example be 
applied: 

- for k/kmax < kopt / (kmax. ^ ): 
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Vg = Vgnom ■ 



1- 



V3 K 



V3 _L 

V3> 



opt 



opt 



V^max * ^max J 



for k,p, / (k,,,. ) < k/k^^^ < k„p/k„. 



Vg = Vgnom • 



1 1 

1 , V3 ^2 K 

2 1 , yfc 



V3 



1 



V^max 



'^opt 



max / 



for k<,p/k„,, < k/k„^ < k„p. ^ / k„ax: 
^ 2 



Vg = 



V3-1 A:, 



V^max 



k ^ 



max y 



and 



for k,p,V3/k,^<k/k^^: 



Vg = Vgnom • 



1 

V3 



V3- 



opt 
\ ^max 



-4 



4V3 



1- 



opt 



•73 



It should be noted that the first and second sections hereabove can be united in a 
single one. In this case: 

for VJ^i^^ < KpJK^- 



Vg 



2 _|_ ^max 



opt 
V^max 



opt V'^niax '"max J J 

Of course, the circuit implementing this correction, be it a network of switchable 
resistors or one or several MOSFET transistors, the on-state resistance of which is made to 
vary, will have to take accoimt of the power levels at the coefficient change points to respect 
a continuous correction over the entire operating range. 

In the example of Fig. 5, a specific case is that where point p5 is at a voltage level 
VC2 greater than that of point p4. In practice, this means that the transponder only receives a 
sufficient power in a distance range excluding hyperproximity, that is, a coupling relation 
where it is very close to the terminal. In other words, the system has, close to the terminal, an 



10 



15 



20 
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area in which the transponder cannot receive a sufficient power supply. In such a case, during 
the learning phase, the reader finds out that the current that it measures in the position where 
the operator indicates that a transponder is laid on the reader corresponds to the off-load 
current. In other words, it does not detect the transponder. It may be provided for the leaming 
system to ask the operator, in this case, to progressively move the transponder away until it 
detects it. This position is then taken as the maximum coupling position p4. 

As indicated previously, coefficient k^^^ can be located anywhere on the characteristic 
of Fig. 3. 

Fig. 6 shows characteristic VC2 = f(k/k^^) in the case where it is monotonous, that is, 
in the case where the leaming has determined that current loff.ioad is smaller than twice current 
Imax (see formula 12 hereabove). This means, in particular, that the optimal coupling position 
(pi in dotted lines in Fig. 6) is never passed. In this case, the correction of nominal value 
Vgnom includes two sections (if, as shown, point p3 is between points p5 and p4), or even a 
single section (if point p4 is reached before point p3), which can be deduced from what has 
been discussed hereabove in relation with Fig. 5. Indeed, all the previously-discussed 
formulas remain valid. 

In the case where k^p/k^ax is greater than Vs , the single section is, for example: 



Vg = Vgnom 



opt 



opt 



opt 



opt 



V^max 



-1 



In the case where kop/k^a^ is smaller than ^/3 , one may establish, for example: 
-fork/k^,,<k,p/(k^,,V3): 



Vg = Vgnom ■ 



1 

V3 



1- 



1 



V3 K 



1 



opt 



opt 



V^max 



•V3 



max J 



; and 



fork/k„,,>k V(k„3,V3): 
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Vg = Vgnom 



opt 



t k 



opt 



opt 



-1 



opt 



•V3 



-1 



Finally, in the specific case where k^p, = k^,^, the two above sections become: 
-fork/k„,,<l/V3: 



Vg = Vgnom • 



1- 



V3 



V3 _L 

V3 



.V3 K 



; and 



-fork/k„3x>l/V3; 



Vg = Vgnom • 



1 

2 J_ 



-1 



V ^max 



It should be noted that, although this is not mentioned, all the above relations of Vg = 
f(k/k^^) are of course valid at the end points of the sections. 

It should also be noted that in all cases, off-load current loff.ioad niust, during the 
learning phase, be greater than or equal to the maximum coupling current I^g^, a smaller off- 
load current being an impossible case. 

Once the leaming phase is over (measurements of Ioff_ioad and I^^^, or VCloff.ioad 
VC1^3x? calculation of the coordinates and slope of characteristics Vg = f(k/k^aJ), the 
terminal is ready to operate by controlling the excitation power according to the coupling. For 
this purpose, the terminal measures (at regular longer or shorter time intervals according to 
the time required to exploit the measurements and to the desired response time) current I in its 
oscillating circuit and voltage VCl across capacitor CI (element 24) of this circuit. 
According to the present invention, these sole measurements are sufficient to adapt generator 
voltage Vg (or, as an altemative, the value of resistance Rl). 

Indeed, it is known that imaginary part XI of apparent impedance Zl^pp can be 
expressed as: 

XI3PP = XI - a2.X2, (formula 15) 
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with: 

XI =co.Ll (formula 16) 

Now, due to the phase regulation, imaginary part XI is null. Accordingly: 
Xl-a2.X2. (formula 17) 

The difference between the instantaneous and off-load values can be expressed in the 
following way: 

XI - Xl„ff.,o3d = alX2 - aoff.,oad^.X2, (formula 18) 

Now, the coefficient a^f^.j^ad corresponding to the value at point p6 is null (coupling 
koff-load is null). Further, voltage VCl across element 24 (neglecting the influence of 
intensity transformer 23) can be written as I/ooCl, I being, for example, measured by 
transformer 23. As a result, formula 1 8 hereabove can be written as: 

a2.X2 = ^^^^^j^ 

I off-load ^ 

By expressing the ratio of the expressions of formula 1 8 applied to the instantaneous 
value and to the maximum coupling, and by replacing them in formula 19 hereabove, one 
may write: 

yc\,j^_,^„, VCl 



'XT. I off -load , 

1 = rrz—-^ . (formula 20) 

a„J^X2 VCl„^_,^^, VC\ 



max 



off -load '^^^max 



^ off -load ^ max 

Now, by applying formula 3 to the above formula, one obtains: 



(formula 21) 



Thus, ratio between the instantaneous and maximum coupling coefficients can 

be expressed, when a transponder is present in the terminal's field, as: 





^off-load 


VCl 


k 


^off-had 


I 




off-load 




^max 1 


^off-load 





(formula 22) 



Now, the values of current I and of voltage VCl off-load and at maximum coupling 
have been measured during the learning phase. Accordingly, it is enough to measure the 
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current I and VCl to determine ratio k/k^^x apply one of the functions Vg=f(k/k^^) 
described hereabove, according to whether the system has been determined upon learning as 
having a monotonous response or not. 

The implementation of the present invention uses the digital terminal control circuits 
in that it is necessary to store measurements and perform calculations on these measurements. 
These circuits, which have not been detailed in Fig. 2, are comprised in block 4 of Fig. 1. 
Dedicated calculators formed in wired logic or, to benefit from adaptation capacities, 
software means programming a microprocessor of block 4 may be used. 

It should be noted that other means may be used to bias a variable capacitive element 
24. What matters is to have an information proportional to the phase regulation control. 

By applying the previously-discussed learning and determination method, current I in 
the oscillating circuit is measured (by means of transformer 23) both off-load and by laying a 
transponder on the terminal to be at maximum coupling. Values loff-ioad I^^^ are obtained 
and stored at the same time as the corresponding values VCloff.ioad VCl^^x- It should thus 
be noted that, although reference has been made, for clarity, to the value of coupling 
coefficient k, it may actually be the quantities on which it depends. These quantities can then 
be processed directly by replacing coupling k by its expression as a fimction of these 
quantities in the above-discussed formulas. 

An advantage of the present invention is that it enables adapting the transmission 
power of the reader to the transponder position. The power consiomption of the reader can 
then be optimized by being reduced when a transponder is located close to the optimal 
coupling. The system range is also optimized by enabling a high power transmission when a 
transponder is far away from the terminal without risking damaging it since this power is 
decreased as the transponder comes close to the terminal. 

Another advantage of the present invention is that it overcomes the problems due to 
the non-monotonous response of a transponder according to the coupling. 

Another advantage of the present invention is that a read terminal that can be adapted 
to different transponder families can be provided, be it upon manufacturing, upon installation, 
or in an on-the-spot operation. It is enough, for this purpose, to use the computer means 
generally present in the terminal and to provide a program for configuring this terminal to a 
given transponder family. 

Another advantage of the present invention is that it is independent from the 
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transponder. Indeed, no structural modification of a transponder is necessary to implement the 
present invention. Accordingly, a read terminal of the present invention can be used with 
conventional transponders. 

Of course, the present invention is likely to have various alterations, modifications, 
and improvements which will readily occur to those skilled in the art. In particular, the 
practical implementation of the selection circuit (25, Fig. 2) and of the means of automatic 
determination of the quantities necessary to implement the present invention are within the 
abilities of those skilled in the art according to the application and to the fixnctional 
indications given hereabove. Further, it should be noted that other types of variable capacitive 
elements may be used, provided that the use of the information provided by the phase 
regulation loop to set this variable capacitive element is respected. 

Among the applications of the present invention, readers (for example, access control 
terminals or porticoes, automatic dispensers, computer terminals, telephone terminals, 
televisions or satellite decoders, etc.) of contactless chip cards (for example, identification 
cards for access control, electronic purse cards, cards for storing information about the- card 
holder, consumer fidelity cards, toll television cards, etc.) will more particularly be pointed 
out. 

Such alterations, modifications, and improvements are intended to be part of this 
disclosure, and are intended to be within the spirit and the scope of the present invention. 
Accordingly, the foregoing description is by way of example only and is not intended to be 
limiting. The present invention is limited only as defined in the following claims and the 
equivalents thereto. 

What is claimed is: 



